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(54) Charging roll whose resistance adjusting layer contains insulating particles dispersed 
therein 

(57) A charging roll comprising: a center shaft(10); 
an electrically conductive rubber layer (12) formed on 
an outer circumferential surface of the center shaft and 
having a relatively low hardness; a resistance adjusting 
layer (16) formed radially outwardly of the conductive 
rubber layer; and a protective layer (18) formed radially 
outwardly of the resistance adjusting layer. The resist- 
ance adjusting layer is formed of a rubber composition 
prepared by mixing a rubber material with particles of 
an electron-conductive material and particles of an 
electrically insulating material. The rubber composition 
comprises 10-50 parts by weight of the electrically insu- 
lating material per 100 parts by weight of the electron- 
conductive material. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 
5 [0001] -Not Applicable-- 

BACKGROUND OF THE INVENTION 
Field of the Invention 

10 

[0002] The present invention relates to a charging roll for use in an image forming apparatus such as an electropho- 
tographic copying machine, laser beam printer, or the like. 

Discussion of the Related Art 

15 

[0003] There is known a charging roll which is installed in an image forming apparatus such as an electrophotographic 
copying machine or printer, such that the charging roll is held in rolling contact with a photosensitive drum for charging 
the circumferential surface of the photosensitive drum. More specifically described, such a charging roll is used in a so- 
called "roll charging" method which is one of the known methods for charging a photosensitive drum on which an elec- 

20 trostatic latent image is formed. In the roll charging method, the charging roll to which a charging voltage is applied is 
held in pressing contact with the outer circumferential surface of the photosensitive drum. The charging roll and the pho- 
tosensitive drum are rotated together so that the outer circumferential surface of the photosensitive drum is evenly 
charged by the charging roll before the surface is locally imagewise exposed to optical image signals. 
[0004] In general, the charging roll includes an electrically conductive center shaft (metal core) and an electrically con- 

25 ductive rubber layer, which has a low hardness and is formed of a rubber layer. The rubber layer consists of either a solid 
elastic body whose hardness is reduced by adding a large amount of softener, or a foamed body. The electrically con- 
ductive rubber layer is formed on the outer circumferential surface of the center shaft with a suitable thickness. On the 
outer circumferential surface of the conductive rubber layer, there are laminated a resistance adjusting layer and a pro- 
tective layer in this order. An electrode layer is interposed, as needed, between the conductive rubber layer and the 

30 resistance adjusting layer. 

[0005] In the charging roll constructed as described above, there has been employed the resistance adjusting layer 
which is formed of a rubber composition prepared by mixing a suitable rubber material with an ion- conductive material 
such as quaternary ammonium salt, so as to give the rubber composition a desired volume resistivity. However, the 
resistance adjusting layer containing the ion-conductive material tends to suffer from a variation of its characteristics 

35 due to a change of the operating environment of the charging roll. To solve this problem, it is considered to form the 
resistance adjusting layer by using a rubber composition which includes electron-conductive particles such as carbon 
black particles as a conductive material. 

[0006] However, the use of the charging roll whose resistance adjusting layer contains the electron-conductive parti- 
cles deteriorates a quality of a reproduced or printed image, when the surface of the photosensitive drum has flaws 
40 such as pinholes, or any scratched, warred or otherwise damaged or defective portions. Namely, the reproduced image 
undesirably includes printing defects (e.g., pinhole defect) corresponding to the defective portions even when the sur- 
face defects of the photosensitive drum are not so considerably serious. For instance, an image area corresponding to 
a pinhole and its vicinity tends to be blurred. 

45 SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to provide a charging roll which is capable of preventing occur- 
rence of printing defects due to defective portions of the outer circumferential surface of a photosensitive drum used 
with the charging roll. 

so [0008] The above object may be achieved according to a principle of the present invention which provides a charging 
roll comprising: a center shaft; an electrically conductive rubber layer formed on an outer circumferential surface of the 
center shaft and having a relatively low hardness; a resistance adjusting layer formed radially outwardly of the conduc- 
tive rubber layer; and a protective layer formed radially outwardly of the resistance adjusting layer. The resistance 
adjusting layer is formed of a rubber composition prepared by mixing a rubber material with particles of an electron-con- 

55 ductive material and particles of an electrically insulating material. The rubber composition comprises 10-50 parts by 
weight of the electrically insulating material per 100 parts by weight of the electron-conductive particles. 
[0009] In the charging roll constructed according to the present invention, the resistance adjusting layer contains the 
predetermined amount of the elastically insulating particles as well as the electron-conductive particles, such that the 
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electrically insulating particles and the electron-conductive particles are dispersed in the rubber material. This charging 
roll effectively prevents occurrence of the printing defects due to pinholes or other defective portions of the surface of 
the photosensitive drum. 

[001 0] According to one preferred form of the present invention, the electrically conductive rubber layer consists of a 
5 foamed body which is formed by foaming a foamable electrically conductive rubber composition. 

[0011] According to another preferred form of the present invention, the electrically conductive rubber layer consists 
of a solid elastic body, and the charging roll further comprises an electrode layer interposed between the electrically 
conductive rubber layer and the resistance adjusting layer. 

[001 2] According to a further preferred form of the present invention, the rubber composition of the resistance adjust- 
10 ing layer comprises 30-100 parts by weight of the electron-conductive material per 100 parts by weight of the rubber 
material, so that the resistance adjusting layer has a desired electric conductivity (resistance value). 
[001 3] According to a still further preferred form of the present invention, the resistance adjusting layer has a thickness 
within a range of 100-800nm. 

[0014] According to a yet further preferred form of the present invention, the resistance adjusting layer has a volume 
15 resistivity within a range of 1x1 0 5 - 1x1 0 11 n« cm. 

BRIEF DESCRIPTION OF THE DRAWINGS . 

[001 5] The above and optional object, features, advantages and technical significance of the present invention will be 
20 better understood by reading the following detailed description of the presently preferred embodiments of the invention, 
when considered in conjunction of the accompanying drawings, in which: 

Fig. 1 is a transverse cross sectional view of a charging roll constructed according to one embodiment of the 
present invention; and 

25 Fig. 2 is a transverse cross sectional view of a charging roll constructed according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EBMODIMENT 

30 [0016] Referring first to Fig. 1 , there is shown a charging roll constructed according to one preferred embodiment of 
the present invention. The charging roll of Fig. 1 includes an electrically conductive center shaft (metal core) 10 made 
of a metallic material, and an electrically conductive rubber layer 12 which is formed on the outer circumferential surface 
of the center shaft 10 and constituted by an electrically conductive solid elastic body having a relatively low hardness. 
On the outer circumferential surface of the electrically conductive rubber layer 12, there are laminated an electrode layer 

35 14. a resistance adjusting layer 16 and a protective layer 18 in the order of the description in the radially outward direc- 
tion of the roll. Each of the layers 14, 16, 18 has a predetermined suitable thickness value. 

[0017] Referring next to Fig. 2, there is shown another embodiment of the charging roll in which the electrically con- 
ductive rubber layer 12 is constituted by an electrically conductive foamed body, and an electrode layer is not interposed 
between the electrically conductive rubber layer 12 and the resistance adjusting layer 16. 
40 [0018] Described more specifically, the center shaft 10 of the charging roll is made of a SUS material or a ferrous 
material such as SUM22 or SUM24, and is plated with nickel with a thickness of Z-20\im by electroless plating. Gener- 
ally, the center shaft 10 has a cylindrical shape and an outer diameter of about 5-1Omm0. 

[0019] The electrically conductive rubber layer 12 formed on the outer circumferential surface of the center shaft 10 
is formed of any known electrically conductive elastic material or any known electrically conductive foamable material, 

45 so that the rubber layer 12 to be obtained has a hardness adjusted to within a range of 5°-30° (Hs: JIS-A hardness, JIS: 
Japanese Industrial Standard) for giving the charging roll essentially required properties of low hardness (high softness) 
and high flexibility. The elastic material used for providing the electrically conductive solid elastic body may consist 
solely of any known rubber material such as EPDM, SBR, NR, polynorbornene rubber, or may be a mixture of two or 
more of the above indicated rubber materials. The foamable material used for providing the electrically conductive 

so foamed body is not particularly limited, but may be suitably selected from among any known foamable materials such 
as NBR, hydrogenated NBR, urethane rubber, and EPDM, as long as the foamable material used has a sufficient resist- 
ance to fatigue of the obtained foamed body, and the obtained foamed body satisfies the characteristics required for the 
charging roll. The foamable material is foamed by using a known foaming agent such as azodicarbonamide, 4,4'-oxy- 
bisbenzene-suf lonyl-hydrazide, dinitroso pentam ethylene tetramine, or NaHC0 3 . To the elastic material or the foamable 

55 material as described above, there is added an electrically conductive material such as carbon black, metal powder, 
conductive metal oxide or quaternary ammonium salt, so that the obtained electrically conductive rubber layer 12 has 
a desired volume resistivity value. When the rubber layer 12 is constituted by the solid elastic body, the elastic material 
for the solid elastic body further includes a relatively large amount of softener such as a process oil or a liquid polymer, 
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so that the obtained rubber layer 12 has sufficiently low hardness and sufficiently high flexibility. 
[0020] When the electrically conductive rubber layer 12 is constituted by the electrically conductive solid elastic body 
as described above, the obtained rubber layer 12 generally has a volume resistivity of 1 x10 1 - 1 xl 0 4 Cl • cm, and a thick- 
ness of 1-10mm, preferably, 2-4mm. When the electrically conductive rubber layer 12 is constituted by the electrically 
5 conductive foamed body, the obtained rubber layer 12 generally has a volume resistivity of 1x1 0 3 - 1x10 6 n-cm, and 
a thickness of 2-1 Omm, preferably 3-6mm. 

[0021] The charging roll of Fig. 1 includes the electrode layer 14 disposed on the outer circumferential surface of the 
electrically conductive rubber layer 12. This electrode layer 14 functions to prevent a variation of the resistance value of 
the rubber layer 1 2, and also functions as a softener-blocking layer for effectively preventing the bleeding of the softener 

10 from the conductive rubber layer 12: The electrode layer 14 also functions to improve the stability of bonding between 
the conductive rubber layer 1 2 and the resistance adjusting layer 1 6. The electrode layer 1 4 is formed of a material sim- 
ilar to a conventionally used material for forming the electrode layer, e.g., a mixture of a nylon material such as N-meth- 
oxymethylated nylon and an electrically conductive material such as carbon black, metal powder, or conductive metal 
oxide. The electrode layer 14 made of the mixture thus prepared has a volume resistivity of 1x10 1 - 1x10 5 n*cm, and 

75 a thickness of generally 3-20^m, preferablly 4-10um. 

[0022] The charging roll of the present invention includes the resistance adjusting layer 16 which is disposed radially 
outwardly of the electrically conductive rubber layer 12 via the electrode layer 14 interposed therebetween in the first 
embodiment shown in Fig. 1, or which is formed directly on the outer circumferential surface of the rubber layer 12 in 
the second embodiment shown in Fig. 2. This resistance adjusting layer 16 controls the electric resistance of the charg- 

20 ing roll, to thereby increase the withstand voltage or improve the dielectric breakdown resistance (resistance to leakage 
of electric current) of the charging rojl. The primary characteristic of the present invention is to form the resistance 
adjusting layer 16 of a rubber composition consisting of a rubber material, particles of an electron-conductive material, 
and a predetermined amount of particles of an electrically insulating material. Namely, the resistance adjusting layer 16 
in which the electrically insulating particles as well as the electron -conductive particles are dispersed in the rubber 

25 material is capable of eliminating or minimizing the conventionally experienced problem of deterioration of a reproduced 
image such as printing defects due to defective portions such as pinholes formed in the outer circumferential surface of 
a photosensitive drum used with the charging roll. 

[0023] The rubber material of the rubber composition for producing the resistance adjusting layer 1 6 may be selected 
from among various kinds of known rubber materials such as NBR, epichlorohydrine rubber (especially ECO) and 

30 acrylic rubber, preferably selected from polar polymers such as NBR or ECO. The electron-conductive particles which 
gives the resistance adjusting layer 16 a desired value of electric conductivity is generally prepared from carbon blacks 
such as FEF, SRF, Ketjen black and acetylene black, but may be prepared from metal powder, conductive metal oxide 
such as C-Ti0 2 or C-ZnO, graphite or carbon fiber. The electron-conductive particles have an average size or diameter 
of about 120[xm or smaller and a volume resistivity of about 1x10 1 ft- cm or lower. The electron-conductive particles 

35 are added to and dispersed in the above-indicated rubber material so as to provide the resistance adjusting layer 16 
containing the electron -conductive particles dispersed therein. The amount of the electron-conductive particles in the 
rubber composition is 30-100 parts by weight, preferably 50-90 parts by weight per 100 parts by weight of the rubber 
material which is a major component of the rubber composition. 

[0024] The electrically insulating particles added to the rubber composition together with the electron-conductive par- 
40 tides, are suitably prepared from silica, but may be prepared from calcium carbonate or sheet-like particles such as 
mica or clay. The insulating particles have a volume resistivity of about 1x10 10 ft • cm or higher, and an average diam- 
eter which is adjusted or determined depending upon the specific kind of the electrically insulating material e.g., an 
average diameter within a range of about 0.01 ^m-40^m. 

[0025] The electrically insulating particles are contained in the rubber composition in an amount of 10-50 parts by 
45 weight, preferably 25-40 parts by weight per 100 parts by weight of the electron-conductive particles. If the amount of 
the insulating particles is smaller than the above-indicated lower limit of 10 parts by weight, the obtained charging roll 
cannot exhibit a desired effect for eliminating or reducing the deterioration of the reproduced image due to pinholes or 
other flaws or defects on the outer circumferential surface of the photo sensitive drum. If the amount of the insulating 
particles exceeds the above-indicated upper limit of 50 parts by weight, ease of extrusion and mixing or kneading oper- 
so ation of the obtained rubber composition is deteriorated. 

[0026] To the rubber composition for forming the resistance adjusting layer 16, there are further added a vulcanizing 
agent, a vulcanization accelerator or promoter, and various kinds of additives such as an antistatic agent, zinc white, 
and stearic acid. The thus obtained rubber composition is vulcanized, to provide the desired resistance adjusting layer 
16 having a volume resistivity of 1x1 0 5 -1x1 0 11 ft -cm. 
55 [0027] The resistance adjusting layer 1 6 is desired in general to have a thickness within a range of about 1 00-800um 
for giving the charging roll characteristics required in its use and manufacture. In view of the method for manufacturing 
the charging roll and the required hardness of the charging roll, it is considered that the charging roll having the resist- 
ance adjusting layer whose thickness is not larger than 200/im is less likely to have a sufficiently even distribution of its 
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resistance value and a desired dielectric breakdown resistance, and that the charging roll having the resistance adjust- 
ing layer whose thickness is not smaller than 700^m tends to require a relatively long heating time for vulcanizing the 
resistance adjusting layer, leading to a risk of thermal deterioration of the underlying conductive rubber layer 12 due to 
the long heating time. In this respect, it is preferable that the resistance adjusting layer 16 has a thickness in a range of 
s 200-700um. 

[0028] On the outer circumferential surface of the resistance adjusting layer 16, there is formed the protective layer 
18 as in the conventional charging roll. The protective layer 18 is formed of a mixture of a resin composition prepared 
by mixing a nylon material such as N-methoxymethylated nylon or a fluorine denatured acrylate resin and an electrically 
conductive material such as carbon black or conductive metal oxide. The protective layer 18 prepared from the above- 

10 described resin composition has a volume resistivity of 1 x10 8 - 1 x1 0 13 n • cm and a thickness of 3-20jim. 

[0029] The charging rolls of the present invention as shown in Figs. 1 and 2 may be produced in a known manner 
while using the above-described materials for the respective layers 12, 14, 16, 18. In general, two different methods are 
selectively employed. In one of the two methods, the electrically conductive rubber layer 12 is initially formed on the 
center shaft 1 0 by using the electrically conductive solid elastic material or the electrically conductive foamable material, 

15 according to a known method such as molding. On the outer circumferential surface of the obtained rubber layer 12, the 
electrode layer 14 (in the embodiment of Fig. 1 only), the resistance adjusting layer 16 and the protective layer 18 are 
formed with respective thickness values in the order of the description by a known coating method such as dipping, 
whereby the desired charging roll of Fig. 1 or 2 is obtained. In the other method, the materials for the electrically con- 
ductive foamed body and the resistance adjusting layer are concurrently passed through an extruder, so as to provide 

20 a two-layered laminar tube consisting of an inner layer that gives the electrically conductive rubber layer 1 2 and an outer 
layer that gives the resistance adjusting layer 16. The center shaft 10 is inserted into the thus prepared laminar tube. 
The thus obtained assembly is placed in a suitable mold and is subjected to a heat treating operation to vulcanize the 
rubber materials of the two layers of the tube and foam the inner layer, so that the electrically conductive rubber layer 
12 consisting of the foamed body is formed around the center shaft 10 while the resistance adjusting layer 16 is formed 

25 on the outer circumferential surface of the foamed rubber layer 1 2. On the outer circumferential surface of the resistance 
adjusting layer 16, the protective layer 18 having a suitable thickness is formed by a known coating method such as dip- 
ping, whereby the desired charging roll of Fig. 2 is obtained. 

[0030] In the charging roll constructed according to the present invention, the electrically conductive rubber layer 1 2, 
the electrode layer 14 (if provided), the resistance adjusting layer 16 and the protective layer 18 are laminated on one 

30 another in the order of the description, on the outer circumferential surface of the center shaft 10. The electrically con- 
ductive rubber layer 12 gives the charging roll the desired low hardness or high flexibility and excellent electric conduc- 
tivity. The electrode layer 14 which is provided as needed serves to reduce a variation of the resistance value of the 
rubber layer 12. The resistance adjusting layer 16 provides the improved dielectric breakdown resistance of the charg- 
ing roll. Moreover, the rubber composition for producing the resistance adjusting layer 16 includes the electrically insu- 

35 lating particles as well as the electron-conductive particles, such that the above-mentioned two kinds of particles are 
uniformly dispersed in the rubber material of the resistance adjusting layer 16. The resistance adjusting layer 16 con- 
structed as described above effectively eliminates or minimizes the problem of deterioration of the reproduced image 
such as the printing defects due to the defective portions such as pinholes or scratches on the outer circumferential sur- 
face of the photosensitive drum. 

40 

EXAMPLES 

[0031 ] To further clarify the principle of the present invention, there will be described some examples of the charging 
roll constructed according to the present invention. However, it is to be understood that the invention is by no means 
45 limited to the details of these examples, but may be embodied with various changes, modifications and improvements 
which may occur to those skilled in the art, without departing from the scope of the invention. 

[0032] There were obtained six specimens of the charging roll as shown in Fig. 2, according to Examples 1 -4 of the 
present invention and Comparative examples 1 and 2. Each of the roil specimens was produced in the following man- 
ner. Initially, there were prepared materials for the electrically conductive rubber layer (12), the resistance adjusting 
so layer (16) and the protective layer (18), respectively. The material for the protective layer was dissolved in methyl ethyl 
ketone so as to provide a coating liquid having a suitable viscosity value. It is noted that the materials for the resistance 
adjusting layers of the respective roll specimens contain different amounts of electron-conductive particles and different 
amounts of electrically insulating particles as indicated in TABLE 1 below. 

55 
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(Composition for the electrically-conductive rubber layer ) 


ethylene-propylene rubber 


100 wt.% 


carbon black 


25 wt.% 


zinc oxide 


5 wt.% 


stearic acid 


1 wt.% 


process oil 


30 wt.% 


dinitrosopentamethylene tetramine (foaming agent) 


15 wt.% 


sulfur 


1 wt.% 


dibenzothiazolyl disulfid (vulcanization accelerator) 


2 wt.% 


tetramethyithiuram momosulfide (vulcanization accelerator) 


1 wt.% 


(Composition for the resistance adjusting layer > 


NBR (content of acrylonitrile : 33.5%) 


100 wt.% 


FEF carbon black (electron-conductive particles) 


60-80 wt.% (See TABLE 1) 


silica (electrically insulating particles) 


0-36 wt.% (See TABLE 1) 


zinc oxide 


5 wt.% 


stearic acid 


1 wt.% 


dibenzothiazolyl disulfide 


1 wt.% 


tetramethyithiuram monosulfide 


1 wt.% 


sulfur 


1 wt.% 


(Composition for the protective layer) 


fluorine-modified acrylate resin 


50 wt.% 


fluorinated olefin resin 


50 wt.% 


conductive titanium oxide 


100 wt.% 



[0033] The materials for the electrically conductive rubber layer and the resistance adjusting layer having the respec- 
40 tive compositions as described above were concurrently passed through an extruder, so as to obtain a two-layered lam- 
inar tube consisting of an inner layer that gives the electrically conductive rubber layer and an outer layer that gives the 
resistance adjusting layer. Subsequently, an iron core member having an outside diameter of 6mm and plated with 
nickel was inserted into an inner bore of the laminar tube after the cylindrical surface of the core member is subjected 
to a bonding treatment using a suitable electrically conductive adhesive. An assembly of the laminar tube and the core 
45 member inserted therein was then placed in position within a molding cavity of a cylindrical metal mold. Thereafter, the 
laminar tube was subjected to a heat treatment operation at a temperature of 170°C for 30 minutes, for vulcanizing the 
rubber materials of the inner and outer layers of the tube and for foaming the inner layer, to thereby provide an interme- 
diate rubber roll comprising a 3mm-thick conductive rubber layer 12 formed of the electrically conductive rubber foam 
body and a 500pm-thick resistance adjusting layer '16 formed of the non-foamable semi-conductive rubber material. 
so The layers 12, 16 were integrally laminated in this order on the outer circumferential surface of the core member 10. 
After the intermediate rubber roll was taken out of the metal mold, it was subjected to a coating operation by dipping, 
using the coating liquid prepared for forming the protective layer, to thereby provide a 5jim-thick protective layer 1 8 inte- 
grally formed on the outer circumferential surface of the obtained rubber roll. Thus, the six specimens of the charging 
roll of Fig. 2 were obtained. 

55 [0034] The resistance adjusting layer of each of the specimen rolls according to Examples 1-4 according to the 
present invention contains the predetermined amount of electrically insulating particles, as indicated in TABLE 1 below. 
On the other hand, the resistance adjusting layer of the specimen roll according to the Comparative example 1 does not 
contain the insulating particles, and the resistance adjusting layer of the specimen roll according to the Comparative 
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example 2 contains the insulating particles whose amount is outside the above-indicated predetermined range (10-50 
parts by weight per 100 parts by weight of the electron-conductive particles) of the present invention, as also indicated 
in TABLE 1. 

[0035] The thus obtained six charging rolls according to the Examples 1 -4 and the Comparative examples 1 and 2 
5 were evaluated by observing the printing defects which appeared on the images printed by using these charging rolls 
and by inspecting the ease of processing of the material for the resistance adjusting layer of each roll in the manner 
which will be described. The results of the evaluation are indicated in TABLE 1 below. The indicated results reveal that 
each of the charging rolls of the Examples 1-4 whose resistance adjusting layer contains the specific content of electri- 
cally insulating particles according to the present invention, are practically acceptable. 

10 

[Printing defect] 

[0036] Each of the charging rolls was actually installed on a laser beam printer ("LASER-JET 4L" manufactured by 
JAPAN HEWLETT PACKARD. Co., Ltd., Japan). The photosensitive drum of the printer was provided on its outer cir- 

15 cumfererrtial surface with pinholes each having a diameter of 0.2mm. Under the operating environment of 15°C and 
10%RH, a printing operation was performed according to test imaging optical signals which are designed to cause no 
image dots (black dots) to be printed on a sheet. The recording sheet was examined to check if there existed the print- 
ing defects in the form of black dots printed thereon corresponding to the pinholes formed on the outer circumferential 
surface of the photosensitive drum. There was measured the diameter of each area of the black dots, and the ratio of 

20 the measured diameter to the diameter of the corresponding pinhole was calculated. In the following TABLE 1, " © " 
indicates that the obtained ratio is not smaller than 1.0 and is smaller than 1.4, " Q " indicates that the obtained ratio 
is not smaller than 1.4 and is smaller than 1.8, and "a" indicated that the obtained ratio is not smaller than 1.8 and is 
smaller than 2.2, while "X" indicates that the obtained ratio is not smaller than 2.2. The charging roll is acceptable if the 
ratio is smaller than 2.2. 

25 

[Ease of processing of material for resistance adjusting layer] 

[0037] Each of the materials for the resistance adjusting layers according to the Examples 1-4 and the Comparative 
examples 1 and 2 was evaluated in its ease of processing, that, ease of mixing and extrusion. In the following TABLE 
30 1 , " O " indicates that the ease of processing of the material is acceptable in both mixing and extrusion, "a" indicates 
that the extrusion of the material requires a relatively high pressure, which may cause low production efficiency of the 
resistance adjusting layer, and "X" indicates that the material cannot be suitably mixed and cannot be extruded. 



TABLE 1 





Examples 


Comparative 
Examples 




1 


2 


3 


4 


1 


2 


Amount of electron-conductive par- 
ticles (phr) 


80 


60 


80 


60 


80 


60 | 


Amount of insulating particles (phr) 


23 


21 


10 


25 


0 


36 


Resistance value of resistance 
adjusting layer (n • cm) 


1x10 6 


1x10 6 


1x10 6 


1x10 6 


1x10 6 


1x10 6 


Printing defect of reproduced image 


O 


® 


A 


<§> 


X 


® ; 


Ease of processing of material for 
resistance adjusting layer 


O 


O 


o 


A 


O 


x ! 


Amount of conductive particles : 
Amount of insulating particles 


1:0.29 


1 : 0.35 


1:0.13 


1:0.42 


1:0 


1:0.6 



[0038] As is apparent from the results indicated in the above TABLE 1 , each of the charging rolls constructed accord- 
55 ing to the present invention effectively eliminates or mitigates reduce the problem of deterioration of the reproduced 
images such as the printing defects due to flaws such as pinholes and scratches present on the outer circumferential 
surface of the photosensitive drum, owing to the presence of the resistance adjusting layer formed of the rubber com- 
position containing the electron-conductive particles and the electrically insulating particles in a proportion predeter- 
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mined according to the present invention. TABLE 1 also indicates that each material for the resistance adjusting layer 
according to the present invention is satisfactory in its ease of processing. 

[0039] A charging roll comprising: a center shaft (1 0); an electrically conductive rubber layer (1 2) formed on an outer 
circumferential surface of the center shaft and having a relatively low hardness; a resistance adjusting layer (16) formed 
5 radially outwardly of the conductive rubber layer; and a protective layer (18) formed radially outwardly of the resistance 
adjusting layer. The resistance adjusting layer is formed of a rubber composition prepared by mixing a rubber material 
with particles of an electron-conductive material and particles of an electrically insulating material. The rubber compo- 
sition comprises 10-50 parts by weight of the electrically insulating material per ioo parts by weight of the electron -con- 
ductive material. 

10 

Claims 

1. A charging roll comprising: 

15 a center shaft (10); 

an electrically conductive rubber layer (12) formed on an outer circumferential surface of said center shaft and 
having a relatively low hardness; 

a resistance adjusting layer (16) formed radially outwardly of said conductive rubber layer; and . 
a protective layer (18) formed radially outwardly of said resistance adjusting layer, 
20 said resistance adjusting layer being formed of a rubber composition prepared by mixing a rubber material with 

particles of an electron-conductive material and particles of an electrically insulating material, said rubber com- 
position comprising 10-50 parts by weight of said electrically insulating material per 100 parts by weight of said 
electron-conductive material. 

25 2. A charging roll according to claim 1, wherein said rubber composition of said resistance adjusting layer comprises 
25-40 parts by weight of said electrically insulating material per 100 parts by weight of said electron-conductive 
material. 

3. A charging roll according to claims 1 or 2, wherein said electrically conductive rubber layer consists of a foamed 
30 body which is formed by foaming a foamable electrically conductive rubber composition. 

4. A charging roll according to claim 3, wherein said foamed body has a thickness within a range of 2-1 0mm and a 
volume resistivity within a range of 1 xl o 3 -1 x1 0 6 Cl • cm. 

35 5. A charging roll according to claims 1 or 2, wherein said electrically conductive rubber layer consists of a solid elastic 
body, and said charging roll further comprises an electrode layer (14) interposed between said electrically conduc- 
tive rubber layer and said resistance adjusting layer. 

6. A charging roll according to claim 5, wherein said solid elastic body has a thickness within a range of 1 -10mm and 
40 a volume resistivity within a range of 1x1 0 1 -1x10 4 £l*cm. 

7. A charging roll according to claims 5 or 6, wherein said electrode layer has a thickness within a range of 3-20um, 
and a volume resistivity within a range of 1 x1 0 1 - 1 x1 0 5 Cl • cm. 

45 8. A charging roll according to any one of claims 1-7, wherein said rubber composition of said resistance adjusting 
layer comprises 30-100 parts by weight of said electron-conductive material per 100 parts by weight of said rubber 
material. 

9. A charging roll according to any one of claims 1 -8, wherein said resistance adjusting layer has a thickness within a 
so range of 1 00-800^m. 

10. A charging roll according to any one of claims 1 -9, wherein said resistance adjusting layer has a volume resistivity 
within a range of 1x1 0 5 - 1x10 11 O-cm. 

55 1 1 . A charging roll according to any one of claims 1-10, wherein said protective layer has a thickness within a range of 
3-20jim and a volume resistivity within a range of 1 x1 0 8 - 1 x10 13 n • cm. 

12. A charging roll according to any one of claims 1-11, wherein said particles of said electron-conductive material 
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have an average diameter of 1 20^™ or smaller. 



13. A charging roll according to any one of claims 1 -12, wherein said electron-conductive material has a volume resis- 
tivity of 1 x1 0 1 Cl • cm or lower. 

14. A charging roll according to any one of claims 1-13, wherein said particles of said electrically insulating material 
have an average diameter within a range of 0.01 -40nm. 

15. A charging roll according to any one of claims 1-14, wherein said electrically insulating material has a volume resis- 
tivity of at least 1 xl 0 10 CI • cm. 
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